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学位論文内容の要旨 
Research interest in the sense of agency (SoA) has been increasing in the recent years. The SoA is a 
psychophysiological module that refers to the sense of initiating and controlling own actions to influence events in the 
outside environment. For example, when one moves a hand or thinks about something, one feels that she/he caused the 
hand moving or started the train of own thoughts. Clinically, distorted SoA has been reported in patients with chronic 
pain conditions such as Complex Regional Pain Syndrome (CRPS), hemiplegia, and phantom limb. 
Although different neuroimaging tools were used to explore the SoA such as functional MRI, it was desirable to 
translate the MRI-based biomarkers to the EEG-based biomarkers for future application in terms of applicability. An 
EEG study reported a SoA-related alpha-band EEG power (8--12 Hz) modulation within the anterior frontal area. 
However, as is the common limitation in EEG studies, the spatial resolution of the reported results is limited, and the 
influence of artifacts from ocular and muscular potentials was not fully validated. These problems need to be addressed 
by more robust EEG analysis algorithms to advance the possibility of EEG-based biomarkers in the study of the SoA. 
In this research, we designed behavioral experiments to study both the implicit and explicit measures of the SoA using 
a task of hand movement with parametrically delayed visual feedback. The goal of this study was to determine the brain 
correlates of the SoA and extend our understanding on the sensitivity of EEG on the SoA paradigm. Subjects performed 
sequential movement of right-hand fingers inside a small box while watching their movement on reflected a monitor 
according to delay conditions. EEG data were obtained to study the neural activities associated with the changes of SoA 
in response to the distorted visual perception of one’s hand movement due to the delay in the visual feedback of such 
movement. Subjects were also asked to rate their perceived SoA to explicitly assess the SoA. 
The subjective assessment demonstrated that the perceived SoA decreased as the time delay increased. EEG results 
showed a linear increase in EEG power on alpha and low-beta EEG frequency bands as the visual delay increased. The 
dominant source of EEG power increase was resolved in the parieto-occipital brain regions, suggesting that spectral 
EEG activities in alpha and early-beta bands, mainly in parieto-occipital regions of the brain, are the main correlates of 
the SoA modulation. 
As future clinical applications, EEG experiments on patients with chronic pain may help to better understand the 
relation between SoA and effectiveness of pain therapy systems. We believe that this study provides a groundwork that 








与えるとされる。局所慢性疼痛症候群（CRPS：Complex Regional Pain Syndrome）や幻肢痛を含む慢性疼
痛患者に対するSoOやSoAに関する研究では，患者はSoOやSoAに異常を生じていることが報告されてお
り，大脳皮質領域の活動をモニタする治療戦略も提案されている。 
本研究では，慢性疼痛患者が人工現実感を適用した鏡療法（VR-MVF）により疼痛が軽減することから，
VR-MVFの治療効果はSoAが関係していると着目し，健常者がSoAを感じている時の脳活動を脳波計測に
より検討した。SoAを制御するために，指の動きのカメラ映像に加える時間遅れを変化させ，遅れ時間を
0 mSから1000 mSまで変化させた場合の脳波を計測した。そして，遅れ時間とSoAの主観的程度，遅れ時
間と脳波の関係，また，活動が活発な脳部位を分析した。健常者15人に対する実験の結果，遅れ時間が大
きくなるにつれて，SoAの主観的程度が下がること，脳波のアルファ波成分強度が線形的に増加するとい
う従来の知見と整合する結果とともに，低ベータ波成分強度も線形的に増加する結果を得た。また，その
強度増加の主要な発生源は頭頂後頭領域である結果も得た。 
このように，本研究の成果は，学術的に新しい知見を見出すとともに，同様の実験的研究を慢性疼痛患
者に適用することにより，VR-MVFによる慢性疼痛軽減の機序の解明と治療効果の評価につながると考
えられ，ヘルスシステム分野への応用も期待される。以上のことから，「統合科学」の学位授与に値する
と判定する。 
